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ABSTRACT 


The likely role of atmospheric atomic oxygen in the recession of 
spacecraft surfaces and in the Shuttle glow has revived interest in the 
accurate measurement of atomic oxygen densities in the upper atmosphere. 

The Air Force Geophysics Laboratory is supplying a quadrupole mass 
spectrometer for a materials interactions flight experiment being planned 
by the NASA Johnson Space Center, The mass spectrometer will measure the 
flux of oxygen on test materials and will also identify the products of 
surface reactions. The instrument will be calibrated at a new facility for 
producing high energy beams of atomic oxygen at the Los Alamos National 
Laboratory. This paper summarizes plans for these calibration experiments. 


INTRODUCTION 


The measurement of atomic oxygen densities in the atmosphere with mass 
spectrometers is one of the outstanding problems in aeronomy. The 
measurements were originally made to investigate the structure of the 
earth's atmosphere. Recently, atomic oxygen has been implicated in the 
recession of spacecraft surfaces(1-4) and in the Shuttle glow(5,6). These 
phenomena have renewed interest in the accurate measurement of atomic 
oxygen densities. 

The accuracy of the mass spectrometer measurements is limited by 
uncertainties in the response of the instruments to the atomic oxygen. The 
major technical problems are recombination of the atomic oxygen to the 
molecular species on the inner surfaces of the ion sources, differences in 
detection sensitivity between thermal and hyperthermal oxygen atoms, energy 
equilibration of oxygen with ion source surfaces, and background 
contributions to the mass 16 and 32 signals. 

These problems have been addressed in the past by designing the two 
types of ion sources sketched in Fig. 1. Open ion sources(7) seek to reduce 
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recombination as much as possible. Much of the atomic oxygen can pass 
through the electron beam and into the mass analysis section of the 
instrument without any surface interactions. In contrast, closed ion 
sources(8) force complete recombination. The electron beam is surrounded 
by a closed accommodation volume. The atomic oxygen enters this volume 
through a pinhole. A baffle deflects the oxygen to the walls of the 
chamber, where it forms molecular oxygen. 


FIG. 1 : Types of ion sources 

used for atmospheric atomic 
oxygen measurements. Open 
sources reduce recombination 
by eliminating surfaces in the 
beam path. Closed sources 
force complete recombination. 



The sensitivity of closed source mass spectrometers can be calculated 
from the measured sensitivity to thermal molecular oxygen and the rate of 
effusive flow through the pinhole opening(9, 10) . However, open source 
instruments must be calibrated to atomic oxygen in the laboratory. Such 
instruments have been exposed to beams of oxygen atoms formed in microwave 
discharges(1 1 ) or on heated filamentsO 2) . Though high velocities and 
intensities have been obtained for other gases in mass spectrometer 
calibration experiments(1 3), the limitations of the atomic oxygen 
calibrations have been the low energy and intensity of the beam. 

Research groups at the NASA Johnson Space Center (JSC), the Los 
Alamos National Laboratory, and the Air Force Geophysics Laboratory (AFGL) 
are engaged in a cooperative space flight experiment designed to measure 
the effects of atomic oxygen on spacecraft materials. The experiment is 
called Evaluation of Oxygen Interactions with Materials (EOIM)-III (17). 
AFGL is supplying a mass spectrometer to monitor the flux of oxygen atoms 
interacting with the E0IM test materials. This instrument will be 
calibrated at the atomic oxygen high energy beam facility that has recently 
been constructed at Los Alamos. 


AFGL QUADRUPOLE MASS SPECTROMETER 


The AFGL Quadrupole Ion/Neutral Mass Spectrometer (QINMS) is a 
compact, versatile, fast sampling instrument (1 5) . Its primary purpose is 
to measure the concentration and the identity of each constituent of the 
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gas entering its sampling orifice. It is sensitive to neutral and positive 
ionic species, though not to both simultaneously. The spectrometer design 
is based on similar instruments flown extensively on sounding rockets. 

QINMS has been used on one Shuttle flight(l6). 

In addition to the composition information, the instrument collects a 
fraction of the total ion current on a grid located between the ion source 
and the entrance aperture to the quadrupole rods. This current is a 
measure of the total pressure of the neutral gas in the neutral mode and 

the total density of the ions in the ion mode. The sampling rates of the 

composition data and the pres sure/ density data are both fast enough to 
resolve such transient effects as ionospheric irregularities and spacecraft 
thruster engine firings. 

The ion source of the AFGL instrument is drawn to scale in Fig. 2. 

This entire assembly is mounted on top of the quadrupole housing, and is 
contained inside a metal cylinder. An O-ring sealed cover is retracted in 
flight to expose the top grid of the ion source to the external 

environment. This ion source is somewhere between the open and closed 

extremes described above. The grids crossing the path of the incoming 
oxygen provide some surfaces for recombination, while still allowing some 
of the oxygen to reach the quadrupole region unimpeded. 



FIG. 2; Scale drawing of the 
ion source used in the AFGL 
mass spectrometer. The source 
incorporates features from 
both the open and closed 
designs. 
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ATOMIC OXYGEN GROUND CALIBRATIONS 

The energetic oxygen atom source that has been developed at Los Alamos 
employs a Continuous Optical Discharge (COD) technique(1 7, 1 8) . A 1.5 kW cw 
CO^ laser is focused to a 0.02 cm diameter spot within the throat of a 
supersonic expansion nozzle. A pulsed CO^ laser, aligned co-axially with 
the cw beam, is fired once to start a discharge in the nozzle. The cw 
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laser then pumps the discharge continuously, maintaining temperatures of 
15,000 to 30,000 K within the throat of the nozzle. In the source chamber, 
molecular oxygen is seeded into a noble carrier gas, such as neon or helium 
to reduce the power required for breakdown. The oxygen is completely 
dissociated by the discharge and is accelerated to high velocity by 
collisions with the carrier gas during the expansion. 

The COD atomic oxygen beam source is mounted to the Los Alamos 
Molecular Beam Dynamics Apparatus (LAMBDA) (19). Three stages of 
differential pumping separate the source from the primary experiment 
chamber. LAMBDA is equipped with several sophisticated beam diagnostic 
tools, including a differentially pumped quadrupole mass spectrometer, a 
time-of- flight (TOF) chopper, and recently, a spinning sphere absolute 
pressure gauge(20). Recent advances in the development of the atomic oxygen 
beam facility are discussed in another paper in this session (Cross et 
al. ) . 


The most difficult aspect of the calibration experiment is measuring 
the absolute flux of the oxygen beam. Beam diagnostics such as the 
differentially pumped mass spectrometer would need calibration in the same 
way as the flight instrument does. Fig. 3 is a rough sketch of the 
experimental layout that we have chosen for the mass spectrometer 
calibration experiments. In essence, the idea is the same as the closed 
ion source concept. The 0-atom beam enters the main chamber from the 
source on the right. On the far side of the main chamber, approximately 
one meter away, the beam enters a smaller accommodation chamber through a 
small aperture of known area. The flight mass spectrometer is mounted on 
the beam axis on the far side of the accommodation chamber. 


FIG. 3: Experimental layout 

of the Los Alamos atomic oxy- 
gen high energy beam facility 
to be used for the mass spec- 
trometer calibration experi- 
ments . 


ACCOMMODATION 

CHAMBER 
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Two beam flags, FI and F2, can be used to block the beam. FI is 
between the first and second differential pumping stages in the source, and 
is used to turn off the beam completely. F2 is located inside the 
accommodation chamber and is designed to deflect the incoming beam to the 
walls. With F2 blocking the beam, the spinning sphere absolute pressure 
gauge will be used to measure the pressure rise in the accommodation 
chamber when the beam is turned on. We assume that the atomic oxygen 
recombines completely and thermalizes on the walls of the accommodation 
chamber (and choose wall materials to ensure this). The measured pressure 
rise and the known rate of effusive flow from the small aperture are then 
used to calculate the absolute intensity of the beam entering the chamber. 

Finally, when both flags are removed from the beam, the flight mass 
spectrometer will be exposed to the full flux of atomic oxygen in the 
molecular beam. A typical calibration experiment will first involve 
measuring the absolute intensity and composition of the beam using the 
LAMBDA beam diagnostics and the techniques described above. Comparison of 
the known beam characteristics to the intensities of the mass 16 and 32 
peaks (0 and 0 ? , respectively) will be used to derive the sensitivity of 
the flight instrument to atomic oxygen along with the degree of 
recombination. The effects of surface conditioning and length of exposure 
to oxygen atoms, as well as the influence of beam velocity, beam intensity, 
and carrier gas concentration will be observed. 

In a preliminary experiment, a thermal beam of oxygen molecules 
(formed in the supersonic expansion with the laser turned off) was directed 
into the mass spectrometer ion source. Mass spectra taken with the beam 
flagged and not flagged appear in Fig. 4, The 32 amu peak is the parent 
oxygen, and 16 amu is atomic oxygen produced by dissociative ionization. 

No atomic oxygen was present in the beam. The mass 4 peak is the helium 
carrier gas. Additional peaks in the spectra are due to vacuum chamber 
contamination and air leakage. These include water (18, 17 and 16 amu), 
nitrogen (28 amu) and molecular oxygen (32 amu). When the beam was chopped 
with a 400 Hz tuning fork chopper and phase sensitive detection of the mass 
spectrometer signals was used, only beam components were detected. 


SUMMARY 


The Quadrupole Ion/Neutral Mass Spectrometer, designed and built by 
the Air Force Geophysics Laboratory, is a versatile instrument well-suited 
to measurements within the Shuttle environment. Its configuration is 
derived from similar instruments designed for sounding rocket flights, and 
successfully collected data during the STS-4 flight. We plan to operate 
the same instrument on the Evaluation of Oxygen Interactions with Materials 
(EOIM)-III experiment presently under development by the Johnson Space 
Center. This experiment is the third in a series of Shuttle-based 
experiments designed to measure the effects of atomic oxygen on materials 
and surfaces. The mass spectrometer will measure the flux of atomic oxygen 
incident on the materials samples, and will also look for surface reaction 
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products. The data from the experiment will be invaluable in designing 
spacecraft, such as Space Station, for long duration excursions into the 
low Earth orbital environment. 

A critical part of preparing the mass spectrometer for the flight is 
calibrating it with a well-characterized high energy beam of atomic oxygen. 
This will be done at the Los Alamos National Laboratory, where a new source 
of high energy oxygen atoms has been developed. Using a Continuous Optical 
Discharge technique, the Los Alamos source produces a beam of oxygen that 
reproduces many aspects of the space environment accurately. During the 
calibration experiments, we will investigate the amount of recombination 
that occurs within the mass spectrometer ion source, the effect of extended 
exposure to the oxygen beam, and the effects of the beam energy and 
intensity on the calibrations. 


AFGL QUADRUPOLE 
MASS SPECTRA 



FIG Unmodulated mass spectrometer signals due to a thermal beam of 
molecular oxygen in helium carrier gas. With the beam off (FI in beam), 
the mass spectrometer only sees chamber background species such as water, 
nitrogen and oxygen. With the beam on (FI removed, from beam) the 0^ and 0 
signals increase markedly. The 0 species is produced only from 
dissociative ionization of the parent molecular oxygen. 
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